Phase variation in Xenorhabdus and Photorhabdus spp. has a significant impact on their symbiotic relationship with entomopathogenic nematodes by altering the metabolic by-products upon which the nematodes feed. The preferential retention of the phase I variant by the infective-stage nematode and its better support for nematode reproduction than phase II indicates its importance in the bacterial-nematode interactions. However, there is no obvious role for phase II in these interactions. This study has revealed differences in the respiratory activity between the two phases of Xenorhabdus nematophilus A24 and Photorhabdus luminescens Hm. After experiencing periods of starvation, phase II cells recommenced growth within 2 to 4 h from the addition of nutrients, compared with 14 h for phase I cells, indicating a more efficient nutrient uptake ability in the former. The levels of activity of major respiratory enzymes were 15 to 100%o higher in phase II cells from stationary cultures in complex media than in phase I cells. Transmembrane proton motive force measurements were also higher by 20%o in phase II under the same conditions. The increased membrane potentials reflect upon the ability of the phase II variant to respond to nutrients, both through growth and nutrient uptake. It is postulated that while phase I cells are better adapted to conditions in the insect and the nematode, phase II cells may be better adapted to conditions in soil as free-living organisms.
Phase variation in Xenorhabdus and Photorhabdus spp. has a significant impact on their symbiotic relationship with entomopathogenic nematodes by altering the metabolic by-products upon which the nematodes feed. The preferential retention of the phase I variant by the infective-stage nematode and its better support for nematode reproduction than phase II indicates its importance in the bacterial-nematode interactions. However, there is no obvious role for phase II in these interactions. This study has revealed differences in the respiratory activity between the two phases of Xenorhabdus nematophilus A24 and Photorhabdus luminescens Hm. After experiencing periods of starvation, phase II cells recommenced growth within 2 to 4 h from the addition of nutrients, compared with 14 h for phase I cells, indicating a more efficient nutrient uptake ability in the former. The levels of activity of major respiratory enzymes were 15 to 100%o higher in phase II cells from stationary cultures in complex media than in phase I cells. Transmembrane proton motive force measurements were also higher by 20%o in phase II under the same conditions. The increased membrane potentials reflect upon the ability of the phase II variant to respond to nutrients, both through growth and nutrient uptake. It is postulated that while phase I cells are better adapted to conditions in the insect and the nematode, phase II cells may be better adapted to conditions in soil as free-living organisms.
Bacteria of the genera Xenorhabdus and Photorhabdus are symbiotically associated with insect pathogenic nematodes of the families Steinernematidae and Heterorhabditidae, respectively (3, 7, 21) . The bacteria are transported between insect hosts by the infective juvenile nematode, a nonfeeding dauer stage that carries only the Xenorhabdus or Photorhabdus symbiont within its intestine. After invading an insect, it releases the bacterium into the hemocoel of the host, where it proliferates, kills the insect, and establishes suitable conditions for nematode reproduction (21 (1, 2) . The occurrence of this phenomenon in the bacterial symbionts of these entomopathogenic nematodes strongly suggests that it is a significant factor in the nematode-bacterium-insect interactions. However, the function of phase variation in these bacteria is uncertain because there is no obvious role for phase II. The preferential carrying of phase I bacteria, but not phase II, under in vivo conditions by the nematodes involved in these symbioses (1) suggests that the nematode is the ecological niche for phase I but not necessarily phase II. Bacteria which inhabit varying environments generally prepare differently, physiologically, as nutrients become limiting. Respiration and the concomitant transmembrane proton motive force (PMF) play a major part in energy generation (e.g., ATP synthesis [15] ) and many membraneassociated processes (e.g., sensory transduction and solute accumulation [26] (11) .
NADH dehydrogenase activity was determined by measuring the rate of reduction of dichlorophenolindophenol (DCPIP) at 28°C, as described by Bragg and Hou (8) . Reaction mixtures contained 10 ,ul of membrane vesicles, 1.6 mM DCPIP, and 0.6 mM NADH in STM buffer (2.5 ml). The course of the reaction was followed by recording the decrease in optical density at A600 (8mM = 21 for DCPIP [16] ).
The succinate dehydrogenase assay was performed by a modification of the method of Herbert and Guest (16) in which STM buffer was used instead of phosphate buffer.
ATP synthase activity was determined by a method similar to that described by Butlin et al. (10) . Reaction mixtures contained 20 mM ATP, 10 mM magnesium chloride, and 0.75 mM EDTA in 100 mM Tris-HCl (pH 9.0). Reactions were initiated by adding 5 or 10 p.l of membrane vesicles. After incubation for 10 min at 28°C, the inorganic phosphate present in 0.5-ml aliquots was measured (17) . PMF 
RESULTS
Effect of nutrient addition to stationary cultures. When 1-, 3-, and 5-day stationary cultures in both a minimal medium (medium A) and a complex medium (LB) of phases I and II of X. nematophilus A24 and P. luminescens Hm were subcultured into the respective media, lag periods (or lack thereof) and growth rates of phases I and II of each species were identical (results not shown). However, when 1-, 3-, and 5-day stationary-period cultures in LB broth were subcultured into medium A, phase II showed a lag period of <4 h, whereas the phase I organisms had a lag period of approximately 12 to 14 h (Fig. 1 ). There was a slight initial drop in A600 readings for the phase II forms, which was associated with a drop in total counts but not viable counts. When stationary phase I or II cells were subcultured from medium A to LB, no differences between the phases of either X. nematophilus A24 Effect of media and culture conditions on respiratory enzyme activities. There were substantial differences between the phases of both X. nematophilus A24 and P. luminescens Hm in the activities of most of the enzymes tested when cells from mid-exponential cultures grown in a minimal medium were used (Table 1 ). For the enzymes for which significant differences were observed, phase I activity was usually greater than phase II activity by 45 to 102% (Table 1) . In stationary cultures in the minimal medium, neither phase had consistently greater activity (Table 1) . In mid-exponential cultures in the complex medium, no differences were observed for most enzymes in P. luminescens Hm (Table 2 ). However, in stationary cultures of both X. nematophilus A24 and P. luminescens Hm in the complex medium, the phase II variants maintained considerably higher activities of the major respiratory enzymes (NADH oxidase, succinate oxidase, NADH dehydrogenase, and succinate dehydrogenase) than phase I variants ( Table  2) .
Effect of media and culture conditions on PMF measurements ofX. nematophilus A24. In the defined medium, phase I of X. nematophilus A24 had higher PMF levels than phase II in both mid-exponential and stationary cultures (Table 3) . No substantial difference between phase I and II was observed in mid-exponential cultures in the complex medium. However, in stationary cultures the phase II variants had PMF levels of the order of 20% greater than their phase I equivalents ( Table 3) .
Uptake of proline and glutamine in X. nematophilus A24. For mid-exponential cells of X. nematophilus A24, the rate of uptake of proline was approximately five times greater in the phase II variant than in phase I ( Fig. 2A) . In 3-day stationary cultures, proline uptake by phase II was significantly less than in mid-exponential cultures (Fig. 2A) ; and phase I from 3-day stationary cultures apparently did not accumulate proline ( Fig. 2A) . Glutamine uptake was virtually identical in the two phases in mid-exponential cultures (Fig. 2B) . Upon experiencing starvation conditions, phase I lost its uptake ability, whereas phase II continued to take up glutamine, although at a rate significantly lower than that of mid-exponential cells (Fig. 2B ).
DISCUSSION
The quicker response of nutrient-starved phase II variants, compared with that of phase I, ofX. nematophilus A24 and P. luminescens Hm to a minimal medium (Fig. 1) suggested not only that phase II can more rapidly accumulate nutrients but that it also has the other metabolic machinery required for converting nutrients into the necessary building blocks for growth and proliferation remaining active. Uptake studies on both proline and glutamine confirmed that the phase II form of X. nematophilus A24 was able to scavenge nutrients more effectively than phase I after (Table 2 ). The differences in respiratory enzyme activities reflected directly the PMFs generated under the different conditions by X nematophilus A24 (Table 3) , with phase II having considerably higher levels than phase I during stationary culture conditions in a complex medium (Table 3) . No significant differences in ATP synthase activity between the two phases of X. nematophilus A24 and P. luminescens Hm in either stationary-or exponential-growth phase were detected (Tables 1 and 2 ). This indicates that, as ATP and its synthesis are vital to bacteria, these components of the cell are maintained in order to allow the organism to respond quickly to increased fluxes in nutrient concentration (25) and the subsequent increase in respiratory activity (15) .
It is difficult to assess starvation-survival capacity between phase I and II Xenorhabdus and Photorhabdus species, in that phase I during nutrient stress (but not during active growth) changes partially and asynchronously to phase II, thereby adding a variable that cannot as yet be controlled (6) . However, the change from phase I to phase II during the absence of nutrients may increase the likelihood of survival when starvation stress is encountered. The shorter lag phase for phase II after addition of nutrients ( Fig.  1 ) would give it a greater chance than phase I of competing in soil environments with other free-living microorganisms. Phase II is also more flexible than phase I in its ability to utilize nutrients and is better adapted to synthesizing most of its complex structures from simple molecules in environments where availability is usually limited.
All the experiments that have been done with Xenorhabdus and Photorhabdus species reflect an inherent interest in their relationship with nematodes and their combined ability 
